We have been developing a computerized scheme for selecting visually similar images that would be useful to radiologists in the diagnosis of masses on mammograms. Based on the results of the observer performance study, the presentation of similar images was useful, especially for less experienced observers. The test cases included 50 benign and 50 malignant masses. Ten observers, including five breast radiologists and five residents, were asked to provide the confidence level of the lesions being malignant before and after the presentation of similar images. By use of multireader, multi-case receiver operating characteristic analysis, the average areas under the curves for the five residents were 0.880 and 0.896 without and with similar images, respectively (p=0.040). There were four malignant cases in which the initial ratings were relatively low, but the similar images alerted the residents to increase their confidence levels of malignancy close to those by the breast radiologists. The presentation of similar images may cause some observers falsely to increase their suspicion for some benign cases; however, if similar images can alert radiologists to recognize the signs of malignancy and also help them to decrease their suspicion correctly for some benign cases, they can be useful in the diagnosis on mammograms.
INTRODUCTION
Breast cancer is one of the leading causes of cancer death and frequently diagnosed cancer in women in the United States, European countries, and Japan [1, 2] . Regular screening by mammography is considered effective for detecting the cancer early and, therefore, reducing the mortality rate [3] [4] [5] . However, diagnosis of breast cancer on mammograms can be difficult. Some cancers are misinterpreted, and many benign lesions are suspected to be malignant findings [6] [7] [8] .
With the hope of helping radiologists in improving the diagnostic accuracy by providing useful information, computerized analysis of breast lesions on mammograms has been studied by many investigators [9] [10] [11] [12] [13] [14] [15] [16] [17] . The results of observer performance studies indicated the potential usefulness of the presentation of the likelihood of malignancy of lesions in radiologists' classification of benign and malignant masses [18, 19] and clustered microcalcifications [20] .
Radiologists' diagnostic skills are usually based on the observation of numerous cases in their clinical experience. It may be assumed that experienced radiologists have large image libraries in their brain. Less experienced radiologists, on the other hand, may sometimes consult textbooks or past cases. If similar cases are automatically selected from the database and presented as a reference, they may be useful to radiologists when they diagnose a new, unknown case [21] [22] [23] . In fact, some studies [24] [25] [26] [27] indicate that radiologists' diagnostic performance can be improved by the presentation of similar images. Several groups [24] [25] [26] [27] [28] [29] [30] [31] [32] have investigated image retrieval methods, most of which are based on the distance in image feature space.
For increasing the utility of similar images, we believe that presented images must be really similar from the point of view of diagnosing radiologists. We have been investigating radiologists' impression of similarity for pairs of lesions on radiological images [33] [34] [35] for selection of visually similar images. In our previous studies [36] [37] [38] , by use of subjective *chisa@fjt.info.gifu-u.ac.jp; phone +81-58-230-6519; fax +81-58-230-6514; www.fjt.info.gifu-u.ac.jp similarity ratings by breast radiologists, the psychophysical similarity measures for pairs of breast masses on mammograms were determined, which had a relatively high correlation with the radiologists' similarity ratings. In this study, the effect of the presentation of similar images on the distinction between malignant and benign masses on mammograms was evaluated in an observer performance study.
MATERIAL AND METHODS

Image database of breast masses
Images of breast masses used in this study were obtained from the Digital Database for Screening Mammography developed by the University of South Florida [39] . For each biopsy-confirmed mass, a five-centimeter square region of interest (ROI) was obtained. Some ROIs were excluded for this study, including those on images with poor quality, large masses which do not fit in a 5-cm square, partial masses, findings of architectural distortion or asymmetry, and masses with microcalcifications which may influence radiologists' judgment. The database included 1568 ROIs with 728 malignant masses and 840 benign masses.
For each mass, a manual outline was provided by one of two radiologists for determination of image features. The contrast and density level of the images were adjusted visually by a breast radiologist for facilitating image viewing and feature determination.
Observer performance study
An observer study was conducted for evaluation of the presentation of similar images in the distinction between malignant and benign masses. The results of our preliminary study suggested that the presentation of similar images would not be useful for atypical cases, such as spiculated benign masses ("malignant-looking" benign masses) and wellcircumscribed malignant masses ("benign-looking" malignant masses). These benign and malignant masses are generally considered incorrectly as having a very high and very low likelihood of malignancy, respectively, by radiologists. The presentation of similar images would naturally make them more confident of their decisions. However, the impact of the presentation of similar images on these cases may not be large, because radiologists are less likely to be influenced by the computer aid when they are initially confident of their decisions either correctly or incorrectly. We believe that the target cases for CAD are those in which radiologists may need help, i.e., indeterminate cases. Therefore, in order to evaluate the effect of similar images with a limited number of cases, we did not include these benign-looking malignant and malignant-looking benign cases in this study. In addition, if these benign-looking malignant and malignant-looking benign masses are presented as a reference, they can confuse radiologists, because an unknown lesion may be similar to both malignant and benign masses. Especially, radiologists are afraid to miss a cancer, and therefore, they might increase their suspicion if circumscribed malignant masses are shown. For avoiding confusing cases, benign-looking malignant and malignant-looking benign masses are also excluded from the reference database.
One hundred cases, including 50 malignant and 50 benign masses, were selected as unknown cases semi-randomly based on the size of lesions. The size distributions for malignant and benign masses in the database and for those selected as the unknown masses are shown in Fig. 1 . Ten observers, including five breast imaging radiologists and five radiology residents with experience in mammography, participated in the study. Radiologists first provided the confidence level of a lesion being malignant on a continuous rating scale between "definitely benign" and "definitely malignant." Immediately afterwards, four benign and four malignant similar images were presented, and the radiologists were asked to reconsider their initial confidence levels. These similar images were selected based on the size of lesions and the psychophysical similarity measure [37] . Figure 2 shows the observer study interface for reading by radiologists with the benign similar images (left) and the malignant similar images (right). Another four similar images could be shown if the observers wanted to see additional images. The observers were able to magnify images if they wished. The reading time was not limited.
The results were evaluated by use of multi-reader, multi-case [40] receiver operating characteristic (ROC) analysis with a computer program (Barbaum KS, the University of Iowa [41] , and Metz CE, the University of Chicago [42] ). The areas under the ROC curves (AUCs) were also determined for the results by a group of five breast radiologists and by a group of five residents. The results of the two groups were compared, and the differences are discussed in this paper.
RESULTS
The AUCs for distinction between malignant and benign masses without and with the presentation of similar images by each observer and by the groups of observers are summarized in Table 1 . For all observers, the average AUC with similar images increased slightly from that without similar images, and the difference was found to be statistically significant (p = 0.047). The improvement was larger for the five residents. In fact, the average AUCs without and with similar images for the five breast radiologists are almost comparable. The AUCs for the breast radiologists were already high before the presentation of similar images.
The relationships between the average initial confidence level of malignancy of the lesions and the average change in the confidence levels before and after the presentation of similar images by the groups of breast radiologists and residents are shown in Figs. 3(a) and 3(b) , respectively. If the changes were in the directions of correct diagnoses, they were considered as beneficial (positive) changes, whereas the negative changes correspond to detrimental changes which were in the direction of incorrect diagnoses. In this study, there were no large changes in confidence levels by the breast radiologists. On the other hand, the presentation of similar images was useful for many malignant cases for the residents. There were four malignant cases, marked as i, ii, iii, and iv in Fig. 3 , which the residents initially marked as having relatively low confidence of malignancy; however, some of them increased their suspicion after the presentation of similar images. The average confidence levels for cases i, ii, iii, and iv by the residents were initially 0.24, 0.39, 0.47, and 0.50, respectively, and increased to 0.33, 0.55, 0.59, and 0.62, respectively, after the presentation of similar images. Some of their confidence levels approached the average confidence levels by the breast radiologists, which were 0.39, 0.58, 0.76, and 0.64, respectively. Figure 4 shows the unknown (center) masses and the similar benign (left) and malignant (right) masses presented in the observer study. They correspond to cases iii and iv in Fig. 3 , in which the presentation of similar images was useful to the majority of the residents. It can be predicted that some residents might have recognized the spiculations in these masses when the similar malignant masses were presented. Fig. 3 . Relationships between the average initial confidence levels of malignancy of the lesions and the average changes in the confidence levels before and after the presentation of similar images (a) by the five breast radiologists and (b) by the five residents. The positive change corresponds to a beneficial change, which was in the direction of correct diagnosis, whereas the negative change corresponds to a detrimental change, which was in the direction of incorrect diagnosis. Fig. 4 . Unknown masses (center) and the similar benign masses (left) and malignant masses (right) presented in the observer study. These image sets correspond to (iii) and (iv) in Fig. 4 . The presentation of similar images caused some residents to increase their confidence levels correctly for these malignant masses.
CONCLUSION
The results of this observer study indicated that the presentation of similar images can be useful in the diagnosis of breast masses on mammograms, especially for radiologists with limited experience. The presentation of similar images may alert radiologists and make them recognize some important signs. Similar images may affect some observers falsely to increase their suspicion on benign masses; however, if similar images bring beneficial effects to most cancer cases and to some benign cases, such a CAD system would be useful in the diagnosis of mammograms.
